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MODkLS OF EGHG‘!OL&GE M’I’ROSTAT%O GENERATORS OPERATING IN A
w

OTEs The following is a translation of a Russian article ap-
peardng in the Zhurnal Tekhnicheskoy Fizikd, Vol IX, No 23, Nov/Des
1939, pagos 2081-9, which was gubmitted b October 1939, The authore
are Bs M. Gokhborg, Ae F. Ioffe, and Ne Mo Reynov, who are affili=
ated with the le gred Physiocal Technical Institute of the Acsdeny
of Soiences USSRe

[

In this work the authors desoribe the results of investigations of three
nodels of electrostatio generators that operate in a fluid dielectric, namely
kerosene. The greatest voltages obtained in the desoribed models were!

Small unirotor medel Vp = 95 to 100 kvy 2) small birotor model V,, = 80 to
90 kvj and 3) mjddle-size unirotor model V,, = 150 to 170 kv.

1., Introduction

The operating principle of electrostatic machines whose models will be
described below consists in the main of the followings by varying the oapa=
oltance of the charged condustor and expending a corresponding amount of
machanical work, we transfer a given charge wth an initial lower potential

to a higher potentiale
In our models the operating cycle consists of the four stagest

1, The imparting to & moving plate (robor) of a charge Q at a low pri=
mary voltage Vit Q = CqVq.
2, The moving plate is discomnected from the source of voltage V% and
he

decreases the capacitance to the value Cp3 whereupon the potential of
charge Q increases from V9 to Vj (Vz is the secondary voltage).
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3, The decrease of the capacitence from Op to Cy at oonstant potential

Vo Lraisfers pavt nf the charge q to the high voltage cirouits '
q= Q= 0y = (0 = 0390

Lhe BY diseontinuing the connection with the high=voltage eirouit and
inoreasing the capacitance to the value ch, we lower the petential of the
charge remaining on the plate (§ = q) to the original value Vye

Then follows the first stage orﬁl moret ab capacitance (Jh the plate is
connected with the source of the primary voltage Vq) the increase of the
cepacitance from 0y, %0 Gy imparts to the plate an additional charge but
the total charge again becomes equal to Q.

During one operating cycle a ohargs q at potential Vi is imparted to
the conductor (plate of the rotor), and the same charge is transferred to the
high=voltage network at & potential Voo The electrical energy obtained dur=

ing the cycle W, * C\P) 1s defined as the sum of the mechaniocal work A ™ q(V2 -

- vl) expended in the transference of tho charge from potential Vy to Vp and
the electrical energy W= qvl cbtained fronm the primary cirouits

Wp=A+W (1)

1

In the case where the secondary yoltage is much greater than the volt=
age of the primary cirouit VoV Lo all the energy W, is practically re=
ceived on account of the mechanioal work (wa’:é A). (NOTE: The machine is

therefore a generator and not a tpansformer of electrical energys)
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1f n oycles per second ave comnleted in the machine, then the current obreREes in
the high~voltese network ie determined by the following relatlens i

I na= (0p = 03)00/05  (Op = 03)027y0/0z (2)
The greatost possible potential ’Vm of the naghing ie Astermined by the loast
capacitance 03 from the relation 037y = Oq¥ppy © (3

The depondence of the secondary voltage of the macihine upon the load ourrent in the
high=voltege notwork (that is , the extemal charactarietic of the machine) ocan: he
renroconted by the following equations 1 VzE Voo ( 1 = 1/Ip)

orI= Io ’ﬁ - V2/vm’.= g. (uﬂ)
whore 1p=01Vy n i the meximum current (ehorteciroult ocurrent, whoen v2=‘~o). and
Vax 10 the maximum voltage (no-load voltege, when I== 0 Yo

Denendence (/) ie reprenented in fizure 1a; wherensdon it showld be noted that this
dependence is obtained on the aosumption that tiie maximum potential Vo=Vmx 10
determined only by the minimum cevacitsnce 05 (from relntion (3))e In fa%ztha mox=
imum potentlal is often 1imited by the corone effect ox the leekaso current through
the dlelectric surrownding phe rotor and through the high-voltage system of tho ma=
ciine . When leakaso is present,the limlting socondary voltege Vy 1§€letominad ?y)
v.=1I ' 5
where I and Re nre tho current anga gho resistance of the lenkage, Tho characteris-
tic of tl}g pg}gg})}ne varios; besides the charsoterietic ronresented in figure 1la, we
obtain theiexnrossed in figure lb; here with deorense of tha lond current ae tho vo-
lue Vp . ‘mpproaclies Vn (in consequonce of tho sharp increase of the leskege currents)
futher decreaso of the ourrent strongth does not lead to sirnificont increases of Va.
Tor such a characteristic tho most convenient condition of omoration will be the
lomd I, , whoh the voltage Vp is close to Vn and the oproduct InVz hes a maxd rmam
value x?aoe fignre 1b). ) N \
converges Towan cumvernes Towal .
When capacitence C b?nd;q“-w' zero, Vmax 2 ~gnfinity. (Mote: The condition L3'>0
will hold when the”high-voltege olectrode rece{ving the charge of the moving plate
forms & perfect Faraday pail and provides for the full removal of the charge pase-
ing through the high=voltoge network.) In this caso, decreasing tho lesknge through
the dielectiic and tho corona effoct, the external characteriotic must have the form
represented in figure 1¢ whore the secondary volige ¥, souals the limiting voltage

ond olmost does pot depend upon the load up to I=Io. hen tho load current ie close
to Ig, and we have VauVy, ve will receive the optimum conditions of operation of
the machine,

In the design of a rr)?hine. therefore, one mmuet aim for a possible decresse of the
capacitance 05 , which approximates the external characteristic represented in figure
lc, and the optimum current of the load approximates the maximam current, namely
the short-circult current,

models '
Bolow we desoribe briefly several/designed bk us of electrostatic gonmerators and the
results obteined from their tests.

2, Small Unirotor Model

G P GHTaM )‘lwtu‘\\

The ¢ : thie model is neswesenbed in figuve 2. Ingide the obile
grounded metal cylindexr 1 an insulating cylinder 2 is placed sccontrically, \oh whese-
':éurfaca are fastened metal plates 3, insulated_from each otﬁer.’!he

charge is supplied by vrushes to the part which corresponds to the lenst capacitence
0n of plate 3 relative to the ground, The capacitance 04 decreases conelderably if one
1fstalle anobher immobile metal electrode encompassing part of rotor 7 ( high=
voltage screen ), connected to the high-voltage brush. (that 1s, the electrode).

shiel
Such a scregnApossbseing the same potential as the plate in contact with it sharply
diminishes the plate’s electrical capacitance 0 .
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The model was designed for operation in a liquid dlelectric, kerosene, which parm&iu

one to raiee considerably the maximum strength .of the electric #leld in commarison e

thet allowed by air (especially in emall machines)., The model consisted of an iron

oylinder 1,diameter 18 om and helght 18 om, within which a rotor 2 ,d.imter 9 om

end operabing height he=gom rotated. Through stuffine-box onenings in tho lateral

i surface of the cylinder vere pasped two rods,with srowled soveens fastened to them,

% with the ald of which (i.,e. rods) the gap between the rotor'e nlates and the soreen

! could be regulated.The primary voltage Vy was introduced through an ebonite load 9
passing tho stuffingdvenins 8, The socondary was led in through an etonite ineul-

i ator 11 passing through the stuffing-box opening 10,In 211,20 aluminum plates were

| disposed along the rotor; 18EMe the width of the gep between tho plates approximate=

: 1y equalled the width of tho plates == thus the surface of the plates equalled half

of the latoral surface of the rotor.

The eupplying and the removing of the electric charege from the rotor's plates vas
carried out with/thc aid of o opecial syotom of contnotm, To oach rotor plate wne
fastenod o smallring with movable ball which nrojected from the ring during rotate
jon of the rotod, being pressed by centriipsal force to tho outer edge of the ring,
To the input and output losds were attmched brushes 4 and 6 with a conslderadle
number of steol conductors, nlong which the jutting steel dolls slid,

! \\ Oylinder 1 wae covered with two ebonite covers with rubbver (gasoline-resistont)
wpackings which prevented tho leakase of the keroeene.The chaft passed through the
upper cover, at the ond of which (Avor—ued¥) woo nttached & pulley connected to

{ an electric motor with 25 watt powor, During overation in lorcsene the rotor rototes

! nt WAdB-about 1400 rev/min,

In the course of investigations we dlscoverod the greot influenco of the curvature
of the grounded screen encompassing nort of the lataral surface of the rotor; nemely,
the field et the surface of the rotor (and also near the grounded screen ) had to be¢
a8 homogeneous as possible, In this case one could operate the mpchine at great
field intensitics close to the rupture velue pnd concentrate on the vplates of the
rotor s maximum charge without the danger of rupture occurring., By selecting the
proper shape for the surface of the grounded screen, we reached satisfactory rosults
for small gaps beotween the screen and the rotor and conld ralse the electric field

strensth to 120 - 150 lcv/cm (for o rupture strensth of the kerosene equal to 200 = I
220 kv/em). !

) Figures 3 and 4 show the characteristics measured by the models for the following

conditions : 1. the coofficient of filling of the lateral surface of the rotor was |

N=0.5 (that is, tho ratio of the curface of the aluminum plates to the total

egxfaele of the rotor) and 2, the gap between the rotor and the grounded screen was
=0.4 mm,

‘l",”"' 9‘\; VThe model was 'oqcu L)«

The secondary voltage V, was measured by means of a , :
SR EoGoIared=im an x-rey tube and the current strength of the hiph-voltage cir=-
cuit was regulated by the incendescence of the cathode in the x-rey tube, Thus we
were able to memsure in parallel the current strength in the secondary circuit and
the voltage Vp § that is, we could measure the external characteristics of the model,
Pigure 3 gives the characteristics for ¥V, equal to 2,3,4,5,6 kv,

The results of experiments show Z0od agreement with computations of the external
characteristic, Only in two characteristics, for V.= 5 and 6 kv, which give conald=
erable oecondpry potentials Va )do lenlcages end #he corona effect beglin ( but even
here we 4id not reach the characteristics shown in figure 1b).

From the adduced charscteristics it follows that the ratio Vmgx/Vy is sbout 20 ond
hence we obtein pocording to formuls 3 the ratio of the maximum capacitance Oy to
minimum O § nemely 01/053==20,

Tigure L4 gives the dependence of the short=circuit current Iy upen primary voltage
V1. The dependence coincides with formula 2.
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Tor the eake of controljilet ue conduct a comparison nf the calowlated deta for I
with the experinental data.
Ig was 5&’#‘«"‘ A coordl %t,he following formulat
[ ored, & ng 10 ] a
o 2" Tom (aye/bm) (V2/5), " (8)
vhere alpha 16 the voelficient of filling as defined ehovey h ie the opexing heisht
of the rotor ; v 1s the linear veloocity rt the surface of the rotor; epsilon is the

di,;ieowic donstant of the korosene; and delta is tho zep between the rotor and
sorean,

Within the limits of mossidle ervops the experimental data gdincid.an with the come
puted datas Tor Vywhiev, Iqwh,8010"Jamp (computed) and 5°20= a.?p (experimontal)s

for Vymblkv, 10-7.2-10-5mp (computed) and 7,2¢10=Samp( experimontal),
The greatest voltage which we received on this medel vas 95 to 100 kv,

3+ The Small Birotor Model

Iike the unirotor model the birotoyr model waes desighed for oneration in fluid di.
olectricy napely, in kerosene,

The baoigklements of the mpdel's dosign and constriection arve shown in figure 5,
which gives n cross-oction 6f the model's plan view, )

The model coneinted of an iron oylinder 1 diamoter 23 om and height 19 om , within
which two small rotores rotated toward each other.

The rotors of model 2 are small ebonite cylinders with upper covers. In the cover
vas attacied a roller with the aid of which the rotors wore brought into rotation .
To the cover of the rotors were sttached geared wheels for the mutual rotation of
the rotors, The gears were made of ebonite in order that the ocharge would not dig-
charge from the high-voltege part of the rotor to the low-voltage part. Dach roller
connected with n rotor pasced through two ball bearings; one of the rollers passed
the upper cover enclocing the iron container 1 and to i%s end was attached a pulley.

On the lateral surface of a rotor was milled continuous grooves into which aluminum
plates were inserted so that the internnl and the externsl latéral.. walls of the
rotor possessed surfaces alternately metal and ebonite. Near cach rotor -wore four .
screen’t external grounded screen 5, external high-voltege screen 7, internal
grounded screen 8, and internal high-voltagoe acreen 9.

The primary voltege Vy was introduced through the ebonite leads 10 passing throush
the stuffing-box opep}nga 11, The secondary voltege. V2 was introduced through
ebonite insulator 12paseing through stuffing-box ovening 13,

The supplying and removing of the electric cherge from the rotor plates weg of foct-
e with aid of g new original dasign for contacts, In _each metal plate of ¥ ‘rotor
(wos tightly screvdd Imi a ring attached by a small springﬂ;ﬁ,bovable ball moved freely
on thé movable rifig, During rotation,the ball was. pressed to the outer edge of the
movable ring and bogan to draw the ring outward until the contrifugal forcewss
in equilibrium with the force of the deformed spring. Close to the rotor near the
grownded and high-voltage screens were.attached steel arched pans (4 and 6), which
could be installed so that the steel balls jJutting out during rotation slid against
the pans, The force of the spring was almost in balance with the centrifugal force:
this apparatus permitted one to eliminate the abrupt collisions of the balls against
the pans, and at the same time it ensured the desired contact between them, The pans
on the grounded screens were comnected with the primary voltage V.. The pans on the
high-voltege screensiwere connected with them and with the hig,h-vo}tage input leads.

Cylinder 1 was covered with two ebonite covers with rubber stuffing ., The model was

brought into rotation by e 25-watt electric motor,

Thie model, in comparison with the unirotor model/ possessed the following adventages:
external and ow dhe

1, The chargedlsposed both on theplnbernal surface of the metal plates of ,’l)“éotor

(in consequence of the installation of the internal grounded .screens); thus 'the

meximum initial capacitance 0y yag inoveased twlce .

.cowﬁimnm
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2, The connection of the intexnal highmvoltege soreens 9)&9 the external soreens 7
made the high-veltege eyataﬁpnro:&mate a Faraday pail, In the pascage of the plates
in the hollow between the externel and the lntc?l nghevoltage soreens & more com=
plote removal of the eleotric chargo was onsure

decresse of the mmmnyﬁnpmuence O o

in consequence of the slenifioant

3, The presence of two rotors led to a moro symmetrical pleture of the elestric field zé
aistribtution and to an improved utilizatien ef the internal space in the model (it ie q
obvious that in this sense st111 better results could ve exnectad for throe or four=

rotor systom, {

Investgations of. thie model weze conducted with three different arrangemento:

: 1, The external grounded and dxtemmal high-voltage acreent wore inetalled; the intern=
al grownded and the internal high-voltage screens vore posent (this arrangoment Cor=
i rosponded to the operation of the unirotor model).

g 2,Mhe external groundod screens , tho external and internal high=voltege screens
i ( an approximation to tho Taradey pall -= namely & decroase in tho capacitance 03)
i were installed,

3,The extornal and internal grounded screens and the extornal and internnl hi'g;h.-
voltage screens vere installed, In this case,lesides tho decrease in the capacita-

ce On the capacitance Cq still increased in consconence of tha introduction of tho
inteTnal grounded ocreens,

; In all three exporimonts tho gapbetween the externnl grounded screen and the rotor
& was fized at S==1.1 mm, The internal grounded screens were fixed at approximately
& the same distance; it is necestary to note, however, that the acouracy of installo-
; tion of the internsl screens vae not great end the gop could differ by 20 to 30 %,

%

3 Exporiments with arrongements 1,2, and 3 were ropeatadly conducted in various saque-
r noer and gave good reproducible: results.

5

‘; Some of the results of the measurements ere shown in figures 6,7,8: the sveed of

i rotation here for all the dete wes 680 rov/min,

Figure 6 represents two characteristios for VF L and 6 kv (the first arrengement) .
i The rectilinesr dependences satiefy eouation I (figure la); from the value Vmex/ V1

v one can determine the vetio of the maximum capacitance to the minimum, which turns
%1 out to equal 01/03=12.

Pigure 7 (the socond arrengement) represents similar cheracteristics for V1=l».6

and 8 kv, For V1=8 kv we have already coneiderable influence of the leekage upon

the magnitude of the secondary. voltage Vz ¢ in this case the characteristic io ra-

: ther close to the form shown in figure 1b, From the slope of the rectlinear portions

: of the cheracteristic st I close to Ip we debermine tho ratio Vpay/Vy end 01703.
which turne out to equal C1/03=20.

Figure 8 (the third arrengement) shows the characteristics for Vi=4 end 6 kv,
From the slope of the rectilinear portions ve detormine the ratio 01/03= ko,

Thus the introduction of internal screens consequently increases the ratlo 61/0
frém 12 to 20 snd from 20 to 4o here the first increase ip connected with the 2n—
troduction of the internal high-voltage screens, which decreamse. the minimum capac=
itence 05 (thet is, the screens improve the removal of the charges.in the high-
voltage syatems). and the second increase is connocted with the introduction of the
internal grounded screens,: which incresse the capacitance 0y , during supply of the

charges from the primary voltage veceuse of the increese of the operating surface
of the metal plates of the rotor,

The greatest voltage which obtained in this model was 80 =90 lev. The greatest curr-
ent , namely the short=oircuit current, for Vy=8 kv and & speed of rotation of 1050
rov/min reached 0 lﬂmi.lli.ampgre, which coinoided with the computed dota,

[

GNDENTIAL 1

t ‘
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k, The Unirotor Model (Mediwn Size)

Like the emall wiretor medel a medium=eize model was investigeted by ue, which aleo
operated in kerosene.
’{o’h&eA

The :\m& rotor whose onerating helght was 50 om and dimmeter 18 om wps, in an
iron container h0om in diameter and 60om high, The general construction of the wodsl
was tho came as the small model dRsoribed in cection 2 abdove,

Teste on the medium-size model vere conducted in two directions; namely, inveetige-
tione of its characteristice and the ohtaining of comparatively har& X=YBYyS,

with o oufpur leasd . -
Mensuremente were conductod both feg-shise-embwad cocondary-volteges( which represented
considerable convenience for the measurement of the external characteristics) and
without the output of seco voltoge, when the x=rey tube was placed within the
model, g'ﬂtf.x nocond onse ﬂytho adventage that the high voltnge was completdly
rbeent in the opernting ares.

&) The secondery voltaze is led out from the machines through an ecbonite outyut lead.
The ebonite outlet whose sire wao limited Uy the size of the outlet stuffing-box
gave the first ovidonce of the coyonn effect for V, higher then 150 kv and did not
pormit the voltoge to be'raised above 180 kv,

ﬁ'enl extermal ohp.racteru?,fcn for various V; are shown in figure 9; here the numer-
ical results for the maximum currents (namely short-cireuit currents) are in agree-
with the computod deta.

E}
For an electric field near the grounded screen oqusl to 60 kv/om ,the mkimun current
reached 0.25 milliamnere.

The ratio of tho maximun onpacitence Cy to the minimum O4 in this model was C1/03
equal approximntely to 48,

e )Dﬂt\:lnls%k( Mple,’,‘ﬁ_’.’i’.’.__x
All exteornal charactoristice were talcen ‘the x-ray tube, from which we

obtained en intensive beam of x-rays.

Meaguring with an lonization chamber, the coefficient of absorption of the hardest
incident x-reys, we were able with respect to tho magnitude of the absorntion
coefficient to determine the wavelength of the limits in the continuous fpectre and
thus we were able also to meesure the voltagera in the x-rey tube, We ver}‘ied thie
method under the conditions roveraning the opeption of the model for the output vol-
tage and dedlddd to use it in measurements of the secondary voltage, vhen it.ic not
led out and the x-ray tube is located within the modil .

b) The secondary voltage is not led out; the x-roy tube is located within the model.
The x-ray tube was located in the outlet place and wes passed through the stuffing-
box opening in such a woy that the external electrode of the anticathode in the .
tube was within the model end connected with the high.voltage system, and the surfa
ace of the anticathoda was nesr the end of the stuffing=box opening outside the
model'e housing,

The x=rays obtained under these conditions gave grest intonsitles, greater than for
the output voltage, which indiceted improvedutilizetion of the model (less leoglt=
ege in consequence of the sbsence o tpud ‘“"ﬂ om the measurements of the limitse
of the spsctre we ohtained the fact Qha.t tho"\roltage reached 150=170 kv, It is ne-
ceesary tomte that thguv ltage obtained was limlited by the surfsce-charges on the
glass of the x=-rey tube,‘.fggr structural analysis ( we employed en x-rey tube made by
the "Svetlen! factory), end not by lealeage in the generator.

In the work of assembling and testing the rwdels, laboratory techniclen A. . Voronin
pleyed a great roley to him the authors express thelr apprecistion.
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§, Bummary of Results

The authors investizated three electrostatic generatore onerating in a liquid
dlelectric, kerosene ( namely, the emall and mediumeoize wnirotor medels and the

two=rotor model).

Measurements of the maximum 1oad currente showed good egreement between the computed

and experimental data, Measurements of the extornal characteristics vhowed complete .

sgreomont between the computed and exvorimentsl chevacterictice (namely, the depen=
dence of the secorbyy volimge upon the load owrrent). ’

The maximum possible secondary voltege ie determired from the ratie between the maX=
imum capaoitance Oy during supply of the oherge from the primary voltage and the
pinimun capacitence O, during removel of the cherge in the highevoltage system.

If the secondary voltase V2 romches high values and lemkngo begine because of the
corona effect or Decpuse of the surrounding dielectric, then V2 will not attain the
meximum possible velues set by the ratio vm=(ol/03)v1 , tut will tend to certain
limiting value which ie determined by the resistance”and the leaksse current.

Particularly importont and significant in the operntion of the models is the matter
of the arransement of the high-voltage cystem whoxe the reroval of the cherpes teltes
place; the greater the high-voltase pystem annroximates the conditions found in the
Yareday pail, that is the lose the residual canacitance G, , the hig;ho:{{oﬂectvonoee
of the mgchinéls operation. In the models under 1nveutiggtion it wao succersfully
showa that one onn deorense condiderably the canacitance 03 with tho ald of the in=
ternnl screent and incremse tho amount of charge transported.

The maximum voltege attainable in the medels wore as followe:
a) small unirotor model : V, =295 to 100 kv,
b) emall birotor model t V,==80 Yo 90 kv,
o) medium unirotor modelt Vn=170 to 180 kv,
(for a primary voltsge equal to Vy=6 kv).

/79 figures appended ]

- ond =

(Oi{ﬁf)—EN‘r

.
Declassified in Part - Sanitized Copy Approved for Release 2012/05/25 : CIA-RDP82-00039R000100100063-1

B L I e 15, O

i




Declassified in Part - Sanitized Copy Approved for Release 2012/05/25 : CIA-RDP82-00039R000100100063-1

CONFIDENTIAL.

Va
 Va

()

g |

F;'gu re 2

-5
.z; x/0 ﬂh?

2.5 "5

3
4
. g Y
0 24 6
Filpure H
’\ ls ’20\ \\\ ‘:—
\ \
q04 V2 kv NN
q0 1 \

60

30

604

Fl'sure 1

F'\'gure L

70 I

I xlﬁ'samr

Y ’L‘xlo"o\mp

, () ll ‘7- j v 1501
3 zmz‘ Va \kV * k:oo N
; 1523 \\\ 150 ¢
\ \ F\‘gufe 8
o0 \\ . oot
\\\ \\
P A s6 1t
NN\ i Samp B5 106 150 400 xigtarmp
 — 2 3 4 xloam
_9-  CONFIDENTIAL

3
»
.

Declassified in Part - Sanitized Copy Approved for Release 2012/05/25 : CIA-RDP82-00039R000100100063-1




